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Introduction

Until the past several years, daily global or hemisphemagerature datasets extending through the mesosphere avgetyl unavailable. With the launch of the Sounding of thmé$phere using Broadband Emission Radiometry (SABERjum&tnt in 2002 and the Aura Microwave Limi
Sounder (MLS) in 2004, we now have a wealth of such data. Sateaknters, particularly the European Center for Meditamd® Weather Forecasting (ECMWF) and NASA's Global Modgland Assimilation Office (GMAQ) are providing operatioaaksimilated meteorological analyseg
extending into the mesosphere. Above the upper stratosptiere are no direct data constraints, so the fields degshl/ on the dynamics and parametrizations in the undeglgeneral circulation models, and there have heretofesmldew data with which to compare them. MLS aro
SABER data have been used to detalil the evolution of theogt@atse during recent polar winters, and to assess the sKile@nalyses in capturing the observed behavior. We shamples for the 2006 major stratospheric sudden warming (S8%uvell as results examining interannual arfic
Internemispheric variabllity of stratopause evolutiom &3 representation in data assimilation systems. Impn&ards in representation of the stratopause in recent idsaasimilations are shown.

1 Stratopause Evolution During the 2006 Stratospheric Majo Warming [Manney et al, 2008, JGR, 113, D11115, doi:10.102200/JD009097]

[1 The stratopause dropped20-30 km during the prolonged 2006 SSW, followed by a conap|et
breakdown of the warm stratopause layer and reformatioetimgh altitude, near 75 km _ _
e L1 While the two satellite datasets agree well, the GEOS-5 €&0MW®F analyses:
[ Planetary waves amplified in the mesosphere as the straepatormed, and descended|in _ _ _ ,
parallel with stratopause descent and warming [l Falil to capture the stratopause reformation at high algtticat occurs near or above the
model tops
S0 pn '.,;';x._:i' {v‘; W s B W | U@ Y i'vi O Misrepresent the nearly isothermal region after the voliakdown and underestimat
60 il ¥ L T = ~gi-' a A= }' P’ VY E.;.M- T’,,ﬁ N , stratopause altitude variations during and after the SSW
40 1! i“l » ¢ 3 200 e = [1 Have winds and planetary wave amplitudes that are too strotige region surrounding the
g 0k ww O 5 stratopause
E A [1 Because of the deficiencies in the analyses’ temperatures, radiative heating rates are
2 SN 80F E badly biased: GEOS-5 overestimates and ECMWF underegtsmatliative cooling in the
B o 60 - E o lower mesosphere
40F : 0
20k % [1 The Figure below shows cross-sections arountN/6f MLS temperatures (black and white
¢ 0 T lines show increasingly negative geopotential eddy, sampairtex is inside white lines)
g 80 ol [J] The secondary temperature maximum that extends westwaddg@uatorward, not shown
s ¢ 60F i from the separated polar stratopause is a feature that hg@sevoously been documented
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[ Figure to right shows zonal mean stratopause altitude angeeature from the same datasets Stratopause Altitude / km Stratopause Temperature / K 70° Temperature ] K
2 Interannual and Interhemispheric Variability
2006-2007 NH _ 2007- 2008 NH 2006 SH __ 2007 SH [1 The figures below show global zonal mean stratopause adtand temperature from Nov 2005 through May 2008 from MLS, ERBGEOS-5
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[1 The panels above show zonal mean temperatures (with westartl contours overlaid in white and easterlies in blacky@N during the
2006-2007 and 2007-2008 NH winters, and &t @during the 2006 and 2007 SH wintérste different color ranges in NH and SH ploflgm
MLS, SABER, GEOS-5 and ECMWF

g1
o
o
m
N
\l
o

(6)] (&)}
W o
N (o))
N N
(&)} (2]
0] 0]
Stratopause Temperature / K

a1

o

o)
Stratopause Altitude / k

[l The stratopause moves generally downward over the winter | | et 248
0 Stratopause evolution is much more monotonic in the cotdere quiescent SH winter, but still shows significant intenaal variability T NI A I S TN -~ W A W
0 A hint of a double stratopause is apparent in MLS and SABERmudry 2006 in the NH, and at the beginning of Sep 2006 in the SH CECEENE 2008 M e e
Ll Brief major SSWs occurred in the NH in late February 2007 ab@gXwhen black easterly zonal wind contours extend belowRd); several i The polar stratopause is generally high and cold duringerjniell-separated in altitude from the midlatitude stpatose
strong minor SSWSs preceded the 2008 major warming (blackocos dipping below 1 hPa) . . .
_ _ _ _ _ [1 Stratopause altitudes increase only slightly betweendater and the summer pole
[1 Unlike the prolonged SSW in 2006, the 2007 and 2008 SSWstesbul only modest changes in stratopause altitude and taxtupe

[1 MLS and SABER stratopause altitudes and temperatures slot@aasemi-annual variation in the equatorial regions

(I In the SH mid to late winter (July, August), MLS data show waagnand lowering of the stratopause, which is reflected in BAZIVfields, with
warming strongly overestimated in GEOS-5 fields

[1 GEOS-5 and ECMWF both show serious deficiencies in captiinegverall equatorial and mid-latitude stratopause dwaiu

[1 Persistent biases are still apparent in GEOS-5 and ECMWesmdisturbed conditions:

[1 The GEOS-5 stratopause is typically too high and too warmoitm Inemispheres (but GEOS-5 does get a hint of the doubl®gfase In
September 2006)

[1 The ECMWEF stratopause altitude is slightly low and cool i@ MH, but close to MLS and SABER in the SH

3 CMAM And NOGAPS-ALPHA Research Assimilations

. . . . - _ 4 Continuing Work
and evolution after the SSW, with altitude and temperatdréhe reformed| LI The NOGAPS stratopause (with MLS and SABER temperaturesaated) is
stratopause much closer to MLS and SABER than in the opeatanalyses slightly cooler than that in MLS and SABER, but otherwise ohais well 0 Interannual and interhemispheri
c 2007 SH O TR MRS T variability studies using satellite
vz 0.001 RV IR R A g £, T w\,._ AT | WX : I
= O ﬁw~-~a,mv.,-¢...,.ww TG . , mim"“" B . . | data (initially Aura MLS and
T S | PR i apal ol T T R WIAGT VTR Mg |=EE SABER) are being extended t
< A 7 7 £ 3 Il ot mllil IIIIIInIIM _ h i “,ﬂ‘ L P ' b 28 develop a climatology of global
S OO T T NOGAPS B 5 "'““"'u" 'g 8¢ stratopause evolution
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[I The figure above shows analyses from the Canadian Middle #timere Model AL R WA = NG L A~ _y . .
(CMAM) data assimilation system (top) and the Naval Redeaaboratory’s . S . Recben_t hlgh-gtialgyl sateliite dat
NOGAPS-ALPHA data assimilation system during the 2006 SSW . . . are being usedto heipimprove re
7 The CMAM h hiah d |y d ° histi d : 188 *705 Zonal Mean Temperature /K [1 A long CMAM run being done for IPY shows substantial improents in resentation of the stratopause i
raevit rave d?; a ;/ree%etﬁza[ino?\ el top and a sophisticated nograghic global stratopause structure over that seen in GEOS-5 ah\VIEE models and data assimilation sy
9 y gp o [1 CMAM and NOGAPS-ALPHA runs during the 2007 SH winter alsowlsome [1 The semi-annual variation seen in MLS and SABER data is Ca@tu tems
[1 The NOGAPS-ALPHA run assimilated MLS and SABER tempel‘al[EEg., improvement N Stratopause representation . ] ] ]
ECkermann et al JASTP Smeltted] up t() O 002 hPa . . . . . |:| The SH pOIar‘ Stratopause |S Sllghtly hlgher and COOIer t"lm’h Iln MLS and Copyright 2008 California Institute of Technology. Goverant Sponsorship Acknowledged.
’ ; | o | [1 The CMAM stratopause Is slightly high, and is colder thant thaMLS and | gaABER data in both summer and winter
[1 Both approaches result in considerable improvement irtogisaise structur¢ gABER




